development of the so-called maps of vertical displacement of numerical models of the railway sleeper, in the function of changes both in the density index and the location of density zones of the sleeper subgrade [9, 18] .
The theoretical model of railway sleepers is a rectangular beam modeled with a disc component, continuously supported (over the length) in the granular medium of the type of crushed stone ballast. Two types of railway sleepers are taken into consideration. They completely differ with respect to mechanical characteristics and reactions to structural changes in the subgrade.
The evaluation of the railway sleeper models under varying conditions of support was made based on the graphs showing the distribution of values of movements in the longitudinal profile of the sleeper. The load of models was implemented by simulating the operational pressure applied as static vertical force in the rail fastening zones. The tool for the simulation and the analysis of the results was the digital program Autodesk Robot Structural Analysis 2010 [Surowiecki 2011; Wasiak 2011] , the use of which allowed to generate a computational construction model, with parameters significantly similar to the real ones.
The content of the paper includes the presentation of models and the synthesis of research results.
DIGITAL MODELS AND THE RESEARCH METHOD
The simplifying assumption that the vehicle axis is stationary and the pressure is taken over by a single railway sleeper was made for the purpose of research. Another assumption refers to the straight section of a track, in order to eliminate the problem of the so-called cant, which appears in a horizontal arc.
The shape of pre-stressed concrete sleepers was simplified and they were treated as beams with invariable cross-section lengthwise. The following sleepers were analyzed: pre-stressed concrete ones of the types PS -94 and PS -83, as well as the wooden of the type C40 (pine wood) and D70 (oak wood). This copy is for personal use only -distribution prohibited.
-vertical cross-sections of the sleeper under the axes of symmetry of the rails, and on the outer edges of the sleeper. The scheme of the layout of measurement points in the longitudinal section of the sleeper is given in the studies [Surowiecki 2011; Wasiak 2011 ].
In the case of pre-stressed concrete sleepers the process of pre-compressing is of significant importance. The effect of pre-compressing was modeled by introducing virtual compressive forces into the zone of the longitudinal axis of the sleeper [Surowiecki 2011; Wasiak 2011] . From the information received from the producer it appears that the force compressing the PS  83 and PS  94 sleepers is respectively (after taking the losses into account): 300 kN and 310 kN. Thus, the compression in the sleeper of the type of PS  83 was modeled in the longitudinal axis of the sleeper with the use of 13 elementary compressive forces of the value of Qi = 12 kN, located in two horizontal trajectories, formed by the axes of centers of gravity of the upper and lower reinforcement.
RESULTS OF DIGITAL ANALYSIS REGARDING VALUES OF VERTICAL DISPLACEMENTS OF SLEEPER MODELS
The results are shown in the drawings as the state of strain of the numerical models of sleepers (the presentation of the vertical longitudinal cross-section): The lowest values of displacement were recorded in the sleepers C40 (soft wood), in the case of the homogeneous density of the maximum value of Is = 1.0 along the sleeper (diagram A). However, in this type of sleeper there were found the highest values of displacements for the model E, which is characterized by asymmetrical distribution of the ballast density zones.
The displacement values of the sleeper C40 indicate generating the highest amplitude of displacements. This type of sleeper does not work fully stably under varying conditions of the subgrade density, which may occur throughout the process of operation.
Due to the fact that the sleeper D70 is made of higher quality wood (oak) it demonstrates more stable operation under varying conditions of support compared to the sleeper C40 (pine wood). The displacement values and the amplitude were significantly reduced in the first sleeper.
Pre-stressed concrete sleepers PS  83 (produced in the 1980s) have the much lower amplitude of displacements compared to the amplitude of wooden sleepers. It proves good-quality functioning in the process of operation. However, the displacement values are quite high and they are at the same level as the displacement values, which were present in the most negatively assessed C40 wooden sleepers. The lowest amplitude of displacement values was observed in pre-stressed concrete sleepers PS-94. This sleeper remains fully stable (Fig. 7 ) in all tested subgrade density schemes: symmetrical, i.e. desired; asymmetrical or demonstrating the-low density ratio in the zone below the applied load.
The sleeper PS  94, the new-generation product, owing to favorable operational characteristics, constitutes a stable element of a railway track and is recommended for installation in main railway lines, where vehicles with axial pressures of 221 kN and the speed of over 160 km / h are introduced.
The results of the examination of displacement values and amplitudes regarding prestressed concrete PS  83 and the new generation sleeper PS  94 (higher class of concrete and different compressing system in comparison with the previous sleeper) lead to the conclusion that the evolution of pre-stressed concrete elements of the railway surface is going in the right direction.
